Abstract. In this paper, we first give the definition of degenerate weakly (k1, k2)-quasiregular mappings by using the technique of exterior power and exterior differential forms, and then, by using Hodge decomposition and Reverse Hölder inequality, we obtain the higher integrability result: for any q1 satisfying 0 < k1(
there exists an integrable exponent p1 = p1(n, l, k1, k2) > l, such that every degenerate weakly (k1, k2)-quasiregular mapping f ∈ W Denote by Λ l = Λ l (R n ), l = 1, 2, · · · , n the linear space of l-exterior forms (also called l-covectors) in R n . It is a linear space of alternating l-tensors. Set Λ 0 = R and Λ l (R n ) = 0 for l < 0 or l > n. The dimension of Λ l (R n ) is ( n l ). The Hodge star operator * : Λ l (R n ) → Λ n−l (R n ) is defined for α, β ∈ Λ l by α ∧ * β = β ∧ * α = ⟨α, β⟩vol, where vol be the volume element in R n . Thus the Hodge star is a linear isometry between Λ l and Λ n−l . For l = 0 and l = n this formula reads * 1 = vol and * vol = 1.
Let Ω ⊂ R n be a domain. A differential l-form α on Ω is simply a locally integrable function or Schwarz distribution on Ω with values in Λ l = Λ l (R n ). We write α ∈ D ′ (Ω, Λ l ). If we denote by x 1 , x 2 , · · · , x n the coordinate in R n , then the differential form α : Ω → Λ l (R n ) may be written uniquely as
) is a linear operator, determined uniquely by the following conditions:
The spaces of exact and coexact l-forms are defined, respectively, by
Let G be an n × n matrix. The l-exterior power of G is a linear operator
, where I, J be ordered l-tuples and
and J f (x) = detDf (x) the Jacobi matrix and the Jacobian of f , respectively. In [3] , the author gave the following definition.
We now give a more general definition.
a.e., and (Df )
Remark 1. If l = n, then Definition 2 coincides with Definition 1. Definition 2 can be used in degenerate case since there are only the l minors of Df (x) in (iii), here the word degenerate means J f (x) = 0, a.e.Ω, and the rank of Df (x) is l : 1 < l ≤ n. See [11] for some results of degenerate quasiregular mappings.
Qusiregular mappings begun to be studied by Yu. G. Reshetnyak in 1966 . See also the monograph [9] . The main results in [9] are the discrete and openness for quasiregular mappings. A few years later, O. Martio, S. Rickman and J. Väsälä established the normal family and distributive theories of quasiregular mappings by using the method of modulus of space curve families and the inequalities for modulus. See also [10] . In the 1990's, T. Iwaniec, G. Martin and C. Sbordone obtained the Liouville theorem, regularity and removability theories of quasiregular mappings in even dimensions ( [7] ) by using the result of quasiconformal 4-manifolds established by S. K. Donaldson and D. P. Sullivan. Then, they generated the regularity and removability results to all dimensions by using the method of harmonic analysis and Sobolev space method for partial differential equations ( [8] ).
Weakly (k 1 , k 2 )-quasiregular mappings are generalizations of quasiregular mappings ( [3, 12] ). In [3] , the authors gave its definition and obtained the regularity result. In the mean time, [3] obtained the integrable exponent estimate for very weak solutions. In this paper, we generalize the result of [3] to degenerate case.
Theorem. For any q
Remark 2. The difficulty of this paper is that for degenerate quasiregular mapping f , if the rank of Df (x) is l : 1 < l < n, then J f (x) = 0, a.e., one can not obtain the higher integrability result by using the method of [3] . We will overcome this difficulty by using the technique of differential forms.
We give some lemmas that will be used in the proof of the theorem.
for any ball B r ⊂⊂ Ω.
Proof. This lemma follows if we take σ = 1 in [1, Lemma 1.5]. 2
This lemma comes from [5] Lemma 7.16 and 7.12. In the following, C(n) will always denote this constant.
Lemma 3(Hodge decomposition
, and
here C 1 depends only on n, C, p, θ, r 0 .
Proof. Firstly, if |dF i1 | = 0, then we take |dF i1 | −ε dF i1 to be 0, the result is obvious. Else, consider the following Hodge decomposition
Since F = 0 on ∂Ω, then by the uniqueness of Hodge decomposition, α = β = 0 on ∂Ω. By Poincaré's Lemma we know that dF i1 is a closed form. By Lemma 3, we obtain ∥d 
Here we have used the fact that α = 0 on ∂Ω. By (9), (10), Hölder inequality and Hadamard inequality, we have ∫
By the definition of degenerate weakly (k 1 , k 2 )-quasiregular mapping, we know that
, and detA
Here i 1 is the first index of
To estimate the right hand side of (13), we take ϕ(
We introduce the auxiliary function F ∈ W
Here J is the coindex of I and c = (
Applying Lemma 5 to the auxiliary function F and notice that |f
Firstly, we estimate I 1 . By the definition of F and the conditions 1) and 2), we can easily derive the estimate
|f |dx. Applying Lemma 1 to the first term in the right hand side yields
Secondly, we estimate I 2 .
(15)
.
The above inequality and
Combining (14), (15), (16) with (17) yields
Take the summation for all ordered l-tuples I = (i 1 , · · · , i l ) and all ordered (n − l)-
Divided by |B| = ω n r n (ω n be the volume of the unit ball in R n ) in both sides of the above inequality yields 
here the values of C 1 (n, l, k 1 ), C 2 (n, l, k 1 ) are obvious.
Take ε 0 = 1/C 1 (n, l, k 1 ) > 0. Thus, if ε < ε 0 , then 0 < C 1 (n, l, k 1 )ε = θ < 1. In this case, the above inequality becomes
The above inequality is a reverse Hölder inequality since 
